Background: Many governments and insurers are driving down the cost of medical devices, including glucose meters, by the central management of purchasing decisions. We report patients' responses to an "enforced" change in brand of glucose meter, one year after the introduction of a national sole supplier arrangement for funded glucose meters and strips.
Internationally, many governments and health agencies are managing procurement of medical devices, including glucose meters, in part to manage their associated costs. [1] [2] [3] New Zealand took the unusual step in 2013 to 2014, of procuring publicly funded glucose meters and strips through what was effectively a sole supply arrangement. Only the CareSens® brand of meter (subsequently referred to as the "new" meter), was funded for most patients, thereby reducing patient choice of glucose testing device. 4 Although these "new" meters had previously been funded together with several other meter brands, only a small number of patients had used this brand prior to the introduction of a sole supply arrangement. 5 In general, change management in health is difficult and it is even more difficult if ownership of and commitment to the change process among stakeholders is low. [4] [5] [6] At the time of glucose meter changeover, there was minimal evidence of patient ownership of the change process, despite the availability of free educational sessions and other up-skilling opportunities for both patients and clinicians. 4, 5 Much dissatisfaction was expressed publicly by patients and other clinical stakeholders at changeover about the impact of limiting glucose meter choice. 4, 7, 8 It was however difficult at the time, to discriminate between dissatisfaction that related to factors such as the meter change process itself or brand loyalty, 5 and negative technical and ergonomic aspects of the "new" meter/strip system that might represent long term barriers to optimal self-care. This study aimed to explore patient satisfaction and dissatisfaction with their "new" meter through a patient questionnaire, one year after the deadline for "enforced" glucose meter changeover.
Methods

Background: Glucose Meters Available to Patients
Prior to meter changeover, the majority of New Zealand patients chose the Roche Accu-Chek® meter as their preferred funded meter. 4, 5 In this article, the patient's previous brand of meter is referred to as the "old" meter, irrespective of brand. After meter changeover, most patients chose to transition to one of the three government funded CareSens meters and strips: CareSens II, CareSens N and CareSens N POP (their "new" meter), rather than continue using their "old" meter and self-fund their glucose testing. While there are technical and ergonomic (human factors) differences between the three CareSens meters, these within-brand differences are less marked that are differences between brands.
Questionnaire Design
The study's paper-based questionnaire was designed by a multidisciplinary team of local researchers, consumers, and diabetes health professionals using a collaborative, iterative process. The questionnaire focused on patient satisfaction and dissatisfaction with their "new" meter, within the context of national glucose meter changeover. After providing background demographic and clinical information, participants were then asked about their overall satisfaction with their "new" meter, using a five-point rating scale: "very dissatisfied" (1), "slightly dissatisfied" (2), "neither satisfied nor dissatisfied" (3), "slightly satisfied" (4), or "very satisfied" (5) . The questionnaire also asked participants if they perceived any advantages of their "new" meter over their "old" meter and whether they would continue to use their "new" meter if they were given the opportunity to change brands. Open text boxes were provided for descriptive answers. A copy of the questionnaire is included in the Supplementary Materials.
Participant Recruitment
The study was conducted in two geographically distinct specialist diabetes centers. Center 1 (Christchurch, New Zealand) has a catchment population of around half a million and a temperate climate. Center 2 (Invercargill, New Zealand) has a smaller catchment population of around 120 000 and a slightly cooler climate. Both centers see youth and adults aged 15 years and older but antenatal diabetes care is provided at a different clinic.
In Center 1, consecutive patients attending diabetes outpatient clinics for physician, nurse, dietitian or podiatry review over a four-week period (April 29 to May 27, 2014) were considered for the study. Exclusions included patients not using a "new" glucose meter, either because they were using a brand other than CareSens or because they did not use any meter. Patients who were considered by attending staff to be vulnerable were also excluded. Center 1 participants provided written consent for participation. Center 2 had a much smaller volume of outpatient attendees, therefore a different recruitment method was used; patients due to be seen at the diabetes outpatient clinic within the period September 2014 to September 2015 were mailed the questionnaire. At Center 2, return of a completed questionnaire represented consent. Investigators at both centers were blinded to the participants' identities.
Data Analysis
The primary questions were a rating frequency for different levels of satisfaction and also whether patients would choose to continue to use their "new" meter if they had an opportunity to change back to their "old" meter. Categorical variables were compared using chi-square test or Fisher's Exact test (when half of the cell sizes were smaller than 5). Differences were deemed statistically significant if P < .05. In addition, qualitative analysis was undertaken of free text comments. The design of the questionnaire dictated the major qualitative themes, but not subthemes. Participant comments were therefore independently grouped into subthemes by two researchers (CM, DK) and a consensus reached on any variations in grouping.
Approval was obtained to conduct this study from the New Zealand Health and Disability Ethics Committee (HDEC number 14/STH/6).
Results
Complete or near complete questionnaires were returned by 85% of patients at Center 1 and 31% of patients at Center 2. Figure 1 shows participant (patient) inclusions/exclusions for Center 1, with 423 patient visits to the center yielding 309 questionnaires suitable for analysis.
At Center 1, there were no statistically significant differences in demographic features, between participants agreeing to complete the questionnaire (n = 343) and nonparticipants (n = 59). The different method of recruiting participants at Center 2 (mailed questionnaire), precluded the researchers from constructing a Flow diagram or undertaking responder/ nonresponder comparisons, at this center. Table 1 shows demographic and clinical results, including type of glucose meter currently used and also satisfaction ratings, from 378 participants by center. No between-center differences were observed in demographic features, insulin use or meter type, however post hoc analysis of satisfaction ratings showed that Center 2 had fewer satisfied and more dissatisfied participants compared to Center 1. This most likely reflects the difference in methodologies and also response rates between centers, with dissatisfied patients more likely to spend time responding to a postal (mailed) questionnaire, than satisfied patients.
Participant Characteristics by Diabetes Center
When participants were asked, if given the opportunity to change their meter, would they do so, 47% responded that they would continue to use their current meter but 27% reported they would prefer to change. The remaining 26% were unsure whether they would elect to change meter. The most commonly used "new" meter type was the CareSens N, however younger participants preferred the smaller CareSens N POP meter. This age-related finding was statistically significant at both centers (P < .01).
Qualitative Analyses
Two macro themes, perceived advantages and perceived disadvantages, emerged in relation to the predefined questions asked of the participants. A third theme was also identified, which related to usability and ergonomic features of the "new" glucose meters. Subthemes identified from participants' responses are detailed in the relevant subsections, described below.
Advantages of the "New" Meter
The four most commonly reported advantages (reported by greater than 5% of respondents) were (1) faster time for result, such as "faster," "short test time" (18% of respondents); (2) small meter size, such as "smaller," "lighter," "easier to carry" (10%); (3) ease of use, such as "easy to use," "easy to navigate," "simple to use" (5%); and finally (4) requirement of a small blood volume, such as "less blood needed," "needs little blood" (5%). The comments about the advantages of the small meter size was largely confined to younger patients who preferentially used the small version of the "new" meter.
In response to negative comments about perceived accuracy of the "new" meter (see below), we sought to provide balance by searching specifically for comments about improvement in accuracy. This was reported by 2% respondents. Typical responses were "Gives right readings," "Results seem more accurate."
Disadvantages of the "New" Meter
The most commonly reported disadvantage related to concerns about meter "accuracy" or analytical performance (23% of participants), with some participants commenting on more than one subtheme. Subthemes included (1) general comments about accuracy such as "results inaccurate," "readings not accurate," "I don't think it gives the right results" (12%); (2) more specific comments related to lack of precision (imprecision) such as "different results in short time frame," "different readings straight after each other" (5%); and (3) relative differences (bias) in results when compared with the previous meter, such as "reads higher than previous meter" (9%). In addition, three respondents reported concerns regarding the safety of the meter based on their perceptions of inaccuracy: "Results inaccurate, caused a bad turn . . . with low blood sugar levels, reads high . . . a safety issue! Someone could die," "Tests do not reflect how I feel . . . show higher when I feel hypo," "I feel the ["new"] glucose meters are too dangerous."
Another subtheme related to technical features. Lack of utility at low temperature was reported by 14% of respondents and this was often linked to the need to test when physically active in cold environments, such as when tramping or playing soccer in winter. These comments came mainly from Center 2 participants, who lived in a cooler climate than Center 1 participants. Concerns regarding difficulty in recalling past results in the meter's memory (6%) and dislike of the finger lancing device supplied with the meter (5%) were also mentioned.
Usability/Ergonomic Features
Specific comments about usability and ergonomic features were provided by 4% of participants. A typical comment from participants was that they found the "new" meter/strip system to be "fiddly." More detailed descriptions of ergonomic features related to the spatial orientation of strips in the strip vial (which when compared to the "old" meter, were "upside down") and how this related to placing the strip into the meter's test strip portal. A typical comment was "Glucose sticks in the container are the wrong way round and this means you have to pull out by the blood test end and turn [the strip] around in your fingers." Some patients used a slightly different approach, aimed at minimizing strip handling, which introduced another problem: "I'm right handed but every time I test, it [the meter] is upside down." Another usability theme related to testing gear lacking a contrast of colors: "It's all black-black meter, black strips, and black [glucose meter] case and at night blood looks black, so it is hard to work out what you are doing." There was a single positive comment about ergonomic features, but this participant had developed a testing technique that was not in accordance with manufacturer's instructions for meter use.
Discussion
The majority of study participants expressed satisfaction or felt neutral, when comparing their "new" meter with their "old" meter. The commonest reported positive experience using the "new" meter related to improvements in technical features. Also, one of the "new" meters was smaller than the "old" meter and this "new" meter was popular with younger patients. Dissatisfaction was however reported by 36% of participants. This related predominantly to concerns about meter accuracy but also related to negative technical features. Since undertaking this study, several changes have been made to the "new" meters. This includes an expansion of temperature range and also changes to finger lancing device. These changes are likely to mitigate some of the dissatisfaction expressed by patients at the time the current study was undertaken.
Although many participants perceived the "new" meter to be inaccurate, previous independent assessment of the "new" glucose meter's performance showed acceptable accuracy and precision, [9] [10] [11] [12] [13] including one assessment to the international standard ISO 15197:2013. 9 Why the discrepancy between these technical reports of good analytical performance within research settings and the patient dissatisfaction with meter performance reported in this study, when meters are used by patients in real world settings? There are subtle (12) 16 (25) 52 (14) a "Previous use" denotes participants who had previously used a different brand of meter. b Post hoc tests (ie, follow-up multiple testing on each pair) suggest that Center 2 had significantly fewer "very satisfied" patients and more "very dissatisfied" patients than Center 1 (25% vs 39%, and 25% vs 12%, respectively). but detectable differences (analytical biases) between glucose readings from the commonest brand of "old" meter and the "new" brand of meter.
14 This may explain in part, initial concerns about accuracy, expressed at the time of meter changeover. 7, 8 We would nevertheless have anticipated that a year after changeover, nearly all patients would have adapted to how their meter "read," in relation to the onset of symptoms, especially symptomatic hypoglycemia. The thematic comments about usability and ergonomics from the current study and also comments within a previous report, 5 showed that some patients struggled with dexterity issues with the "new" meter system. This may have caused them to overhandle their test strips, which may have had an adverse effect on strip function.
Diabetes educators acknowledge the importance of human factors when matching patient characteristics with the ergonomic characteristics of different meter-strip systems. 15 There are subtle ergonomic differences between the "old" and "new" meter systems, such as orientation of strips within the strip container, strip dimensions (size), strip texture ("slippery-ness"), and design of the strip container. For some patients, the fit between the "new" meter system and their physical and cognitive needs appears to have been suboptimal. This in turn is likely to have influenced the ability of some patients, to perform accurate tests on a consistent basis. Conversely, it is likely that those patients expressing satisfaction with their "new" meter found the "new" meter to be a good ergonomic fit with their own needs. Matching the ergonomic features of a glucose meter with the patient's needs and preferences, may improve both safety and adherence, and also reduce psychological stress. 3, 16, 17 This study has several limitations. The current questionnaire represents a single point in time and serial questioning would have allowed estimation of the time it took to reach a ceiling level of satisfaction/dissatisfaction. Participants were recruited from specialist diabetes clinics, thus insulin treated patients were over-represented in the study. Although study findings may not reflect the general diabetes population's response to changes in glucose meters, the similarities between findings from the two participating centers did however offer reassurance that study results (other than comments about temperature range from the cooler climate of Center 2) were likely to be representative of specialist outpatient settings within New Zealand.
There is no single agreed approach to the practical, cost effective monitoring of the intended and unintended consequences that might occur following the implementation of a change in medical supplies, including glucose meters. 18 Reliance on a single methodologic approach may provide an answer with a narrow perspective and this is unlikely to be in the patient's best interest. 3 A variety of assessment methodologies, designed by a range of stakeholders, is likely to represent the best way of monitoring a complex health care technology implementation plan. 18 (ie, assessment of what worked, what did not work, why some aspects did not work and how to make it work better, next time around). This will in turn provide information about how best to optimize future implementations, balancing the need to preserve the health dollar against the risks of increasing the potential for harms and disruptions to patients. The results of the current study, which collected anonymized information from individual patients in a systematic way a year after meter changeover, represents one (clinician/patient) perspective. PHARMAC commissioned two assessments after meter changeover. 5, 19 The first assessment evaluated the implementation process from multiple perspectives, including the consumer (patient) perspective. 5 It concluded that most of the 120 000 consumers who acquired a new meter experienced no negative impact, however a minority were concerned about the accuracy of their new meter and this impacted on some patient's self-monitoring, thus these findings were congruent with that of the current study. The second assessment explored the impact of changeover on patient hospitalizations and concluded there was a possible impact on hospitalizations. 19 The introduction of additional assessment methodologies, such as PHARMAC's plan to assess meter usability during future competitive tender processes, 20 is also welcomed. In conclusion, a nationwide glucose meter changeover provided the opportunity to undertake a questionnaire based study which explored patient perceptions of a sole supplier arrangement, with patients acting as their own historical controls. One year after "enforced" glucose meter changeover, most study participants expressed satisfaction with their new meter but a minority expressed ongoing dissatisfaction. Levels of satisfaction/dissatisfaction may in part reflect an interaction between technical and ergonomic features of a particular brand of meter and strip, and patient specific factors. We recommend that medical device procurement agencies give patients sufficient choice of glucose meters, to allow them to choose a good fit between their personal needs and preferences and this essential medical device. 
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